There is a lack of data on the generation and composition of waste in rural areas worldwide. The present study analyzed the composition of solid waste in Al Jabal Al Akhdar, a rural mountain region in the Sultanate of Oman, which is presently experiencing a rapid rate of urbanization due to tourism development. The solid wastes here are generated by the municipality collecting waste from residential, commercial, institutional and recreational areas, the military from a training camp and a few non-governmental private companies from their camps and hotels. The whole load from each of the three sources was manually segregated each month from June 2013 -May 2014. The results indicated that plastic is the dominant category in the wastes collected by the municipality and accounts for 26.7%, followed by paper (17.9%) and then food (14.4%). Food is the dominant category in the wastes collected by the military and private companies and accounts for 36.5% and 45.5% respectively. Management issues associated with solid waste are briefly considered. The study concluded that the municipality should implement an improved system for the collection of plastic waste and initiate a system for recycling it; the military and private companies should reduce the quantities of food waste by improved planning and management of the catering services. 
‫التحضر‬ ‫نحو‬ ‫بسرعة‬ ‫تتطور‬ ‫التي‬ ‫عمان‬ ‫شمال‬ ‫في‬ ‫الجبلية‬ ‫االخضر‬ ‫الجبل‬ ‫منطقة‬ ‫في‬ ‫الصلبة‬ ‫النفايات‬

Introduction
he amount of solid waste generated throughout the world is increasing dramatically and continues to be a major problem in most of the developing countries affecting the environment, human and other organisms [1] . Waste composition differs from one place to another even in the same country or same district or sub-district [2] . It is influenced by many factors such as the income of the people, economic development, eating habits and consumption patterns [3] .
Al Jabal Al Akhdar of the western Hajar Mountains is rapidly developing as a popular tourist destination in Oman. This area had restricted access until about two decades ago and was populated by remote rural communities. In 1993, the number of households in the area was 547 and the population was about 5227 people. Al Jabal Al Akhdar T branch of the Nizwa Municipality was responsible for the solid waste management and even donkeys were used to transport solid waste from remote areas. The infrastructure available for managing solid waste at that time was considered adequate. From 1995, the area opened up for urban development and the promotion of tourism. By 2010, the number of households had increased to 803 with 8000 people. The projected estimate for 2016 at the same conservative rate of increase is over 1000 households and about 10000 people excluding the transient population of military personnel and tourists. The associated increase in the solid waste, as evidenced by observation, has not been subjected to any scientific study.
Open dumps are the most common waste disposal systems in Oman. These dumps, particularly if uncontrolled, are associated with human and environmental hazards due to foul odor, loss of amenity value, toxic leachate and contamination of drinking water sources [4] . Leachate is a liquid associated mainly with open dumps and it is produced when rainwater percolates through waste dumped in a disposal site [5] . Sources such as electronic goods, electroplating waste, paint waste, used batteries, ceramics, newspapers, motor oils, plastics, etc., when dumped with municipal solid waste increase the heavy metal concentrations in dumpsites [6] .
Al Jabal Al Akhdar has one small open dump that receives all solid waste except the construction and demolition waste. To our knowledge there is no study on the qualitative and quantitative composition of the waste generated in this area. For the efficient management of solid waste including strategies for recycling and disposal, this information is needed [3] , and therefore this study investigates the composition of solid waste as the first step toward integrated solid waste management.
Study Area
The study area, Al Jabal Al Akhdar (Figures 1a and b) which is the largest structural domain in the western Hajar mountain range, is located in Al Dakhliah Governorate of the Sultanate of Oman between latitudes 16°39′ and 26°30′ N and longitudes 52°00′ and 59°30′ E. It is 150 km southwest of Muscat and has a total land area of 26 sq. km. It is around 2000 -3000 m above sea level (masl). The geology of Al Jabal Al Akhdar is unique and all rock groups found in the Oman Mountains are represented. The detailed geology of these mountains is given by Glennie [7] and Hanna [8] . The dump site is located on the Triassic Mahil formation of around 600 m in thickness. The formation is composed mainly of thick alternations of pinkish and yellowish dolomite rocks characterized by high permeability. Beds in the area are steeply dipping eastward toward the Izki area [8] .
Al Jabal Al Akhdar (Figure 1a ) is moderately cool in summer (20-25 °C) and very cold in winter (< 0-10 °C). When the average summer temperature in Nizwa (500 masl) is 49 °C, in Saiq, the main village on the plateau (2000-3000 masl) temperature averages around 25 °C [9] . The annual rainfall occurs normally between June and August in summer and between December and January in winter although this varies from one place to another. The annual precipitation ranged from 115-413 mm for the period of 2000-2009 [9] . Because of the intensive urban development in recent times, there has been a steady increase in the number of residents in certain parts of the Jabal. Many citizens who were originally from Al Jabal Al Akhdar but had become residents in the lower plains are returning to be a part of this urban development. Tourists and locals visit Al Jabal Al Akhdar to experience the cool weather, to camp, for landscape photography and to visit farming areas and traditional villages. The number of hotels has increased from one in 2006 to four in 2014, and another large hotel which belongs to the Ministry of Defense is still under construction. In addition, there are other apartments and rest-houses and some organizations such as the municipality have their own accommodation for their staff. The number of tourists has increased from 85,000 in 2006 to 134,000 in 2013 [10] . The majority of the inhabitants are concentrated in Saih Katanah representing 26% of the population, and the rest are distributed in other villages. The population growth rate of Al Jabal Al Akhdar is 3.5% per year [11] .
The only open dumpsite in Al Jabal Al Akhdar has an area of 6223 m 2 . It is under the ownership of Nizwa Municipality. The method used to dispose of the waste is burning in order to reduce the volume because the area is small. The ash, with other unburnt waste, is transferred once annually to another site at a distance of 500 m. Different wastes are not sorted, and at times, special wastes (clinical, industrial, and electronic) are also deposited in the municipal dump.
The dumpsite is located on a dry river bed from where waste can be washed away during rains and flash floods. The dump has no engineered measures for waste processing. It is not fenced off properly and has no leachate management or plans for landfill gas management or liners. Similarly, there are no operational measures, such as registration of users, control of the number of loads, or compaction of waste.
Materials and Methods
There are three different stakeholders for carrying solid waste to the dumpsite. The main collector is Nizwa Municipality (Al Jabal Al Akhdar Branch) which collects the waste from residential, commercial, institutional and recreational areas. They use either mini trucks (2 -3 m 3 ) or tippers (18 m 3 ). The military bring their waste by their own compactor truck (9 m 3 ). Normally they bring only one load daily except when they have special occasions. The third class of collector is non-governmental companies, which collect the waste from other private organization's camps and hotels. They use mini-trucks or pickups (2-3 m 3 ). These three sources of waste were kept separate for assessing the composition.
The sampling program was carried out for one year at monthly intervals from June 2013 to May 2014. Klee [12] recommended that the solid waste sample should not be small, not less than 91 kg in order to avoid the high variance of the waste composition. Therefore, the whole loads of three different trucks, one from each source were sorted. The minimum weight for loads sorted from the municipality was 215 kg in June 2013 and the maximum weight was 998.5 kg in August 2013. The minimum weight for loads sorted from the military was 312 kg in June 2013 and the maximum weight was 779 kg in April 2014. The minimum weight for loads sorted from private companies was 213 kg in February 2014 and the maximum weight was 1028 kg in July 2013.
Each load was spread flat on a plastic sheet on the ground and was sorted manually by 10 laborers into 10 different components: paper/paperboards, plastics, food, textiles, leather/ rubber, metals, glass, wood, yard trimming and other (includes electrical/ electronic apparatus, nappies/sanitary products, paint waste, used batteries, ceramics, dead animals, used tires and other inert materials). Standard personal safety procedures such as gloves, masks, aprons and safety boots were used during the segregation process.
Each component was weighed using a balance with a 1000 kg scale and the weights were recorded. The percentage composition of each component was calculated. All percentages were arcsin transformed before analysis and normal distribution assumption was verified. The whiskers on bar graphs represent standard error (SE). After considering various models of ANOVA, the Analysis of Variance (ANOVA) completely randomized design was selected as the best to fit the experimental design used in this study. If there were significant differences among sources and components, the Tukey test was used as a post-hoc comparison to detect the location of significant differences. Comparisons of solid waste composition with those of previous studies, where possible, were performed using one sample t-tests with a non-zero µ. All analyses were performed using EXCEL and PAST running on a Windows platform.
Results and Discussion
All solid waste collected in Al Jabal Al Akhdar, except for the construction and demolition waste, is sent to the municipal dumpsite; the latter is used as landfill for natural depressions and is not included in this study.
The solid wastes received by the dumpsite were analyzed under three separate waste streams; municipal, military and from private companies. The composition of the waste in each stream needs to be known to determine possible improvements that can be recommended specifically to the stakeholder who is responsible for that waste stream (e.g. the military). While some studies use categories such as recyclables, organics etc., to classify waste [13, 14] , ten basic, descriptive categories were used here. This simple classification is easily understood by all stakeholders from uneducated lay people to those with advanced technical knowledge. Assessing the percentage of recyclables or organic material for example, could be easily determined from these categories.
From municipality records and personal observation of the loads of waste being delivered to the dumpsite, it is estimated that about 2560 tons are being generated annually in Al Jabal Al Akhdar. The estimated quantity of waste generated was calculated for each source from the number of trucks entering the dumpsite and the weight of the sampled loads. The estimated annual contribution of waste collected by the municipality was around 76.8% and the remaining waste was from the military (7.4%) and private companies (15.8%). Table 1 shows the composition of solid waste from the three sources in Al Jabal Al Akhdar for the period June 2013 -May 2014; the total weights of the 12 samples taken within each category are given.
The three main categories of waste received from the municipality were plastic (26.7%), food (14.4%) and paper (17.9%) which represent 60% of the total waste. The ANOVA showed that there were significant differences ( Figure  2a ) among the mean percentages of the 10 categories (F0.05, 9,110 = 1.97; p<0.05). Post-hoc comparisons using the Tukey test showed that food and paper were not significantly different from each other (p>0.05), while plastic was significantly higher than all other categories (p<0.05). These three main categories were significantly different from the other seven categories (p<0.05). The seven minor categories (5-7% of the composition) were not significantly different from each other (p>0.05). All the categories of municipal solid waste were generated primarily by households, as is similar to municipal waste generated elsewhere [15, 16] . The mean percentage of food waste (14.4%) was significantly higher (p<0.04) compared to the urban samples taken by the operator of Al Multaqa Landfill, Muscat in 2012 and 2013 (9.8%) [17] . The actual food waste in Al Jabal Al Akhdar is likely to be higher than the 14.4% reported in this study. This may be due to the fact that local residents feed their food wastes to domestic animals and discard only the surplus. In addition, cats, dogs and feral donkeys scavenge for food from the collection bins and only the remaining food waste is taken to the dumpsite. A recent study in Muscat, Oman showed that food represented 28.2% of the municipal waste [18] . For a city generating 750 tons of municipal waste per day, this seems to be an overestimate. The sample size used by these investigators was very small (5 kg of a random sample of 20 kg) in relation to the total amount of waste dumped. AbdAlqader and Hamed [19] stated that in order to study the composition, the minimum weight of the solid waste samples should not be less than 91 kg. Small sample sizes are likely to provide inaccurate results. Other researchers indicated that the samples of solid waste should range between 50-136 kg [20] . According to another study conducted in different districts of Muscat Governorate, Oman in 1998 [21] , the food wastes accounted for 38.8% based on a total of 10 samples of 800 -850 kg taken from five dumpsites. This estimate also may not be very accurate as there were relatively low numbers of samples.
The mean percentage of plastic waste (26.7%) was higher than that (8.5% and 17.2%) reported by El Zawahry et al. [21] and Palanivel and Sulaiman [18] respectively in Muscat. However, it is not significantly different from the percentage (24.3%) reported by the operator of Al Multaqa Landfill (p>0.05). The percentages reported for plastic by UNEP's International Environmental Technology Centre [22] for Accra, Ibadan, Dakar, Abidjan, and Lusaka were less than 10%. This may be due to the prevalent reuse of plastic bottles and containers in Africa or to the restricted use of plastic bags [23] . The Environmental Protection Agency (EPA) of the United States showed that plastics comprised 12.8% of the total MSW generation in 2013 [15] . The high plastic component in Al Jabal Al Akhdar may be attributed Percentages to the activity of both local people and international tourists who tend to leave behind plastic packaging, especially plastic food containers, and plastic water and soft drink bottles in the area. There is no restriction on the use of plastic and plastic products in Oman, leading to the high quantities of plastic in solid waste. Paper and cardboard waste contribute 17.9% of the total waste collected by the municipality in Al Jabal Al Akhdar. This was lower than that (28.8%) reported by Palanivel and Sulaiman [18] and close to the 16.3 % recorded by El Zawahry et al. [21] . The 21.4% reported by the operator of Al Multaqa Landfill was not significantly different from that reported for Al Jabal Al Akhdar (p>0.05). The data from USEPA showed that paper and cardboard accounted for 27.0% in 2013 [15] .
The results of ANOVA showed that there were no significant differences (p>0.05) among the percentage compositions of all categories of waste between the military and the private companies (Figure 3 ). For both these sources, the three main categories, plastic, food and paper represent 65 -74% of the total waste. The major component is the food waste, comprising 37% of the military and 45% of the private companies' waste. Food waste is significantly higher in the military and the private companies when compared to the municipal waste (p<0.05). Military and private companies cater to a large number of personnel and waste large quantities of food. In these organizations, food is The percentage composition of plastic and paper was significantly lower (p<0.05) for the military and private companies when compared to the municipality. Both military and companies use less diversity of materials as opposed to individual households. In households, consumer spending patterns and the phenomenon of "use and throw" result in the generation of more plastic and paper which are the main constituents of packaging materials. Paper and cardboard wastes are mostly generated by the commercial establishments in the area and are collected by the municipality. In contrast, the generation of paper and cardboard wastes discarded by the military and the private companies are relatively less.
There were two other categories of waste where the municipality was significantly different (p<0.05) from the military and private companies. Textile wastes were higher in the municipality. Both military and commercial activities generally do not dispose of clothing and bedding materials whereas in households, the opposite is the norm. The military and private companies use these materials for a long period, and when discarded, they are usually taken by people with low income and eventually end up in the municipality waste.
The category designated as 'Others' was higher in the municipality waste, and it contained sanitary napkins and animal carcasses. This is also a reflection of the diversity of consumables used by families as opposed to personnel living in camps. Other items in this category are used tires and oil filters. Even the military and private companies change their old tires and oil at workshops outside their own camps; these also end up in the municipality waste.
Al Jabal Al Akhdar is a rural area in the Sultanate of Oman where solid waste is still managed by traditional systems of collection and disposal. It is useful therefore to make a comparison between this study and other studies from both developing and developed countries. Studies in San Quintin and Vicente Guerrero, northern Mexico [24] , Darjeeling, India [4] and Muar, Malaysia [25] , representing rural regions and developing countries, showed similarities to Al Jabal Al Akhdar in that food is one of the major categories in the household and municipal waste along with paper and plastic. In developed countries however, paper and paper board are the dominant waste, followed by food. For example, USEPA [15] estimated that paper and paperboard represent 28.0% followed by food waste at 14.5%. The United States (U.S) produces and uses a third of the world's paper, and an average U.S citizen uses more than 300 kg of paper per year. In the United States, the use of paper is not controlled by legislation as it is considered to be biodegradable. 
Conclusion
The ultimate aim of this study was to produce an integrated waste management plan for the entire Al Jabal Al Akhdar area taking into account the anticipated urban expansion, tourism and development. Data on waste composition and characteristics are essential in order to properly plan and design waste management systems. This study indicates that the municipality should implement a system for the collection and recycling of plastic waste. Most mountain areas with high impact tourism have put a ban on the use of plastic bags in all commercial establishments and this strategy should be considered seriously for Al Jabal Al Akhdar. The military and private companies should reduce the quantities of food waste by improved planning and management of the catering services. Organic waste should be composted for use in agriculture. The data presented in this study provide a benchmark for future studies in Al Jabal Al Akhdar.
